Economists have puzzled over the apparent failure of older homeowners to cash out home equity. Casual observation, however, suggests that older homeowners undermaintain their homes. Estimated home equity reduction may thus be biased downward 
tures. Older homeowners presumably have more expertise, time and tools than younger households, but less stamina. Hence, we would expect older households to mix capital and labor differently in producing home improvements, with no clear prediction on differences in expenditures for any level of home repair.
It is thus worthwhile asking two sets of questions empirically: first, do older households undertake less home maintenance than younger households? Second, to what extent do the homes of older households appear to suffer the effects of neglect? If the difference in expenditures is large but the economic consequences are small, then we can interpret a failure to perform maintenance as a rational reaction to a shorter horizon in the home, with larger expenditures by younger homeowners perhaps justified by idiosyncratic tastes for particular improvements. If the difference in expenditures between old and young homeowners is small relative to the difference in rates of depreciation, then we must wonder why older homeowners fail to make investments that both generate improved living conditions and earn high rates of return.
Data and Equations to be Estimated
Empirical exploration of the relationships between age and expenditures and between age and depreciation requires panel data on owners' characteristics and expenditures as well as the characteristics and prices of their homes. Such data is provided by the American Housing Survey (AHS), a biennial panel survey of American homes performed by the US Census Department in conjunction with the Department of Housing and Urban Development. The unit of observation is a home, rather than a household.
Hence a house stays in the panel after its initial occupant moves out. Up to nine observations per home are available on the set of homes that were first observed in 1985 and last observed no later than 2001.
I confine the sample to houses that were owner occupied in 1985. 5 I delete rental units and homes headed by individuals who either do not identify their age or claim an age below 20 years. I also delete condominiums and cooperative apartments; in such units, maintenance expenditures are difficult to observe. The results presented here should be interpreted as relating to the changes in maintenance with age and the consequences among owners of detached homes. This is the large majority (93 percent above age 75 and 97 percent below age 75) of homeowners in the AHS. Incomplete information concerning house values or maintenance costs lead to an annual sample size of 7,000 to 8,000. Table 1 provides summary statistics on the variables discussed below.
The first set of regressions I estimate ask whether home maintenance and improvement expenditures change with age. This question can be asked both within individuals and across individuals. Treating individuals in different years as different observations, the estimated equations take the form:
IM P ROV EM EN T it = α + X it β 1 + H it β 2 + f (AGE it )γ + it .
(1)
Here IM P ROV EM EN T measures expenditures on home maintenance, repairs and additions or counts the number of improvements. X represents household characteristics and H home characteristics. f (AGE) measures the concept of being old in two different ways. First, I divide the observations by tens of years, so that people between the ages of 25 and 34 receive a value of 1 for the variable a25 and zero for the indicators a35 . . . a75, where a75 represents age 75 or older. Given the small number of homeowners (approximately one percent) aged under 25, the comparison group is almost entirely in their 40s and 50s (the median age group among homeowners in AHS) when only a45 is omitted. a75 indicates that the household head is 75 or over. Second, I formulate a continuous version of f (AGE) as the household head's gender-nonspecific probability of death based on age and year of birth (P ROB), taken from the Berkeley Mortality Database. Standard errors are clustered at the level of the home, which allows for correlations in unobserved contributors to home improvement, , between observations not only within owners, but within subsequent owners of the same home.
X in some specifications includes indicator variables for the metropolitan area (MSA) in which the homeowner lives; non-metropolitan homeowners are discarded from the sample. It is not clear whether owner characteristics beyond age X it , such as family structure, wealth and length of tenure belong on the right hand side of equation
(1). If our goal is to identify how old homeowners have behaved in recent years, then purging the effects of symptoms of aging from the estimated effect of age on maintenance is not appropriate. On the other hand, it may be interesting to know if any observable characteristics of older households seem to drive the results. In particular, one might think that the taste for home improvement increases or decreases with the length of stay in one's home. We might also suspect that elderly widows are outliers in terms of the extent of maintenance performed. Some specifications thus include a polynomial in the number of years the household head has lived in the home (ST AY 1 through ST AY 7) and some include indicators for single status (SIN GLE) and an interaction of being single with being over 75 (OLDSIN GLE). A problem is that since we have only imperfect measures of the concept of being old, measures of the consequences of old age are likely biased in the presence of length of stay variables because any true measure of age is likely to be correlated with the length of stay in the home to date.
I consider five measures of IM P ROV EM EN T : (i) routine maintenance costs (CST M N T ), (ii) major alterations and repairs (RAC), (iii) the sum of (i) and ( H it includes the square footage of the home (U N IT SF ), a polynomial in the age of the home (BU ILDAGE1 through BU ILDAGE7) and a set of 141 dummy variables indicating in which metropolitan area (SMSA) the unit is located.
Home maintenance expenditures do not map trivially to changes to the quality of a home because quality has both vertical and horizontal components. For example, painting a room one's favorite color may add nothing to the resale value of one's home, but fixing a leaky pipe almost certainly enhances resale value. 7 Also, the marginal benefit of maintenance and repair expenditures presumably are decreasing, with small expenditures preventing large problems and large expenditures perhaps adding little benefit with lot size fixed and housing quality presumably concave in land and capital.
Further, houses that require less maintenance are more desirable than those which require more, all else equal. Hence directly regressing housing quality measures on home maintenance expenditures would not give a good idea of the consequences of home maintenance for housing quality. Instead, I ask whether homes headed by older 6 Following Gyourko and Tracy (2003), I halve RAC, which is a two-year sum so that figures are annual.
CST M N T is defined in the early years as spending on routine maintenance last year and in later years as spending in a typical year -the latter definition elicits many fewer zeroes. 
in a pooled cross-sectional setting and
in a panel setting taking s-year differences. Tildes above variables indicate that the set of characteristics in a difference setting will be different from those considered in a levels setting.
Two sets of dependent variables suggest themselves in assessing the effect of home maintenance (through age) on housing quality: the dollar value of the home and the perceived quality of the home. Home values are provided both by the respondents' estimate of the market value (V ALU E) of the home and by the purchase price for homes when they are sold (P RICE), or at the time of a respondents' initial purchase.
Housing quality is measured both by the respondent's answer to the question "On a scale of 1 to 10, how would you rate your unit as a place to live?" (HOW H) and by the interviewer's estimation of whether the home is in adequate repair, inadequate repair or severely inadequate repair. I denote a change from adequate repair to inadequate or severely inadequate repair between periods t and t−k by F ALL k . Only approximately three percent of the houses in the sample are deemed to be in disrepair.
8 Using age as an instrument home maintenance expenditures in a two stage least squares setting is uninformative due to the weak explanatory power in the first stage regression. Determining the appropriate functional form for such an estimation strategy would be challenging given the likely nonlinear relationship between maintenance expenditures and appreciation. We see an obvious trend towards reduced spending on home maintenance with age, and households headed by an individual aged 75 or over spend approximately 1,100 less than other households on total home improvement expenditures at 1,267 as opposed to the mean spending among all homeowners of 2,331.
Results

The Elderly Spend Less on Maintenance
One might argue that older homeowners live in different regions, have stayed longer in their homes or have different types of homes such that there is no independent role for age to play. This is revealed not to be the case in Table 2 , which estimates OLS and Tobit equations of the form (1) with total expenditures as the dependent variable. In column (1), we find that conditioning only on the age and size of one's home, homeowners over 75 spend 1,045 less than the population conditional mean.
A Tobit, reported in column (2) shows that the effect is much larger conditional on positive expenditures. The results in (1) and (2) exclude MSA fixed effects, but their presence has no significant effect on the estimates in otherwise identical regressions; these effects are added in subsequent specifications. Column (3) is identical to column
(1), but replaces the discrete measure of old age and the arbitrary boundary of age 75 with the continuous measure of one-year probability of death. Moving from a one percent chance of death to an eleven percent chance of death (e.g. moving from 60 years old to 85 years old) is associated with a reduction of approximately $1,900 in home improvement expenditures. Column (4) compares each age decade to the group of homeowners between the ages of 45 and 55. There is a general trend towards reduced expenditures with age (except for the youngest group). This pattern is likely indistinguishable from a combination of wealth and income effects, difficult to observe in the AHS. Column (5) reveals that single people spend significantly less on home improvement than other homeowners. There is no significant interaction, however, between elderly status and single status.
Expenditure Typology
Columns (6) and (7) of Table 2 show that controlling for the length of tenure in one's home reduces the magnitude but does not eliminate the strong significance of the pure aging effect. We find that in the presence of building covariates as well dummy variables indicating the number of years one has lived in one's home, older homeowners spend approximately $500 less per year than younger homeowners. The estimate is unchanged if the 82 dummies are replaced with a seventh order polynomial in the length of stay.
More generally, we might think that expenditure differences between older and younger homeowners are driven by a taste among younger homeowners for customization that is either not present or moot among older homeowners. We might therefore suspect that the market value of such improvements is likely to be less than their cost. Table 3 shows differences among homeowners across different types of home repair.
Column (1) shows that controlling for a seventh degree polynomial in the length of stay in one's home as well as the size, location and age of the home, homeowners over 75 spend $100 less per year in 2001 dollars than other homeowners on routine maintenance, around a population mean of 622 and median of 266. Given the right skew, we might be concerned that the difference in means of routine maintenance expenditures is driven by outliers. The median expenditure among older homeowners, however is 92.31, compared to 300 among younger homeowners. At least part of the difference in expenditures between old and young homeowners is thus attributable to differences in the extent of routine maintenance, which does not fit a pure customization explanation.
Columns (2) and (3) show that older homeowners perform a smaller number of repairs or alterations than other homeowners. The interpretation of column (3) is that homeowners of this age are 8.8 less likely to do any repairs or alterations over the course of two years than other homeowners. The Tobit in column (2) reports that conditional on performing repairs, older homeowners perform almost one less repair.
The population mean number of repairs is less than two and the median number is one. Columns (4) through (7) suggest that differences between older and younger homeowners does vary somewhat based on the type of repair. Older homeowners are less likely than others to replace or add major equipment such as a furnace, but the difference is not quite significant at a five percent level of confidence. There is no significant difference in roof repair rates conditional on all covariates. New additions and kitchen repair and replacement may be considered more elective types of repairs, and we see that older homeowners are significantly less likely to undertake such projects.
Hence we can reason that the balance of repairs among younger homeowners is tipped towards customization relative to the repairs performed by older homeowners.
Consequences: Changes in Housing Quality and Age
Changes in Perceived Quality and Value
Given that older households spend less on home maintenance, we might expect that their homes suffer a loss in observable quality or value relative to younger homeowners. Table 4 asks whether homeowners or the AHS interviewers perceive such a difference.
The first two columns measure changes in interviewer assessed home repair over a two year period among homes owned in consecutive years by the same owner. In the absence of covariates, we find in column (1) that older homeowners are 9 percent likelier than other homeowners to let their homes fall into disrepair. Column (2), however, reveals that conditional on building characteristics, location and length of ownership, there is no significant difference between older and younger homeowners. Conditional on covariates, we find in Column (3) that older homeowners believe that their homes are a higher quality place to live by .34 points on a scale from one to ten. Columns (4) through (6) regress changes in the owner-perceived quality of homes on age and other characteristics. Column (5) shows that among households that do not move between AHS waves, older homeowners perceive some decrease in the quality of their home as a place to live relative to other homeowners. In columns (4) and (6), I consider owner-perceived quality differences between buyers and sellers. Naturally, the survey question "on a scale of 1 to 10, how would you rate your unit as a place to live?" can be expected to elicit different quality scales from different respondents. The fact that older homeowners tend to think more highly of similar homes than younger homeowners leads to an expectation that the difference between the buyer's view of the home and the seller's view will be more negative when the seller is older. This is confirmed in column (4) of Table 4 , which shows that the gap between the seller's last estimate of quality and the buyer's first estimate is larger when the seller is 75 or older by .4 on the 10-point quality scale. One might interpret this result as weak evidence that older homeowners do not perceive the same reduction in quality as the market. Much of the difference in seller-buyer gaps is explained away by covariates, but the interpretation of heterogeneous views between buyers and sellers of the value of older homeowners' homes is confirmed below by comparing changes in market value perceived by older homeowners and those realized in market transactions.
Changes in Market values of homes
A natural way to measure the extent to which older homeowners are subject to greater rates of depreciation is to compare annual rates of appreciation among older and younger homeowners. Ideally, we would compare appreciation rates for homes that are identical but for the age of the owner. The AHS allows comparison of homes of similar size and age within the same metropolitan area, but little neighborhood information is available. For the exclusion of neighborhood effects to matter for the results, it would have to be the case that older homeowners live in neighborhoods that see less appreciation than those in which younger homeowners live for reasons having to with something other than building characteristics or the level of upkeep. Building age and square footage may proxy for neighborhood traits, so the generally insignificant effects of building age and square footage provide at lease some confidence that incorporating neighborhood information would not change the results. The assumption of a constant within-MSA appreciation rate, however unrealistic, is implicit in the construction of house price indices such as OFHEO's.
There are three plausible measures available in the American Housing survey of price appreciation among households selling their homes. The first two measures, the dependent variables in Table 5 , are log changes in value from an owner's earlier estimated value. In column (1), confining the sample to homes with the same owner in consecutive panel waves (approximately 90% of AHS observations on owner occupied units), I ask whether homeowners over age 75 perceive a lesser rate of appreciation than other homeowners. Conditional on metropolitan area and the age and square footage of the home, there is a difference of two percent over a two year horizon, but this is indistinguishable from zero.
In columns (2) through (6) of Table 5 is an unbiased estimate of market value, then switching one of the years of occupancy from ownership by a younger household to ownership by an older household would be associated with 2.3 percent less appreciation (or more depreciation). The standard error estimates are robust to heteroskedasticity, which must be present given different horizons. Column (4) divides the dependent variable by the length of time from 1985 to resale, so that the dependent variable is annual appreciation. I find an effect of ownership by a household head aged over 75 in 1985 indistinguishable from that found in column (2). Columns (5) and (6) restore the functional form of column (2), so that the dependent variable is total appreciation and the right hand side variable of interest is years of occupancy in which the household head is 75 or older. I find that the estimated effect is increased insignificantly by controlling for the size and age of the home.
Column (3) of Table 5 replaces the discrete measure of oldness by the continuous measure of survival probability. The variable V ALP ROB measures the probability that someone of the age of the owner in 1985 would live until the year of sale, so a younger original owner has a larger value for V ALP ROB. The interpretation of the result here is that increasing the probability of death from one percent to 11 percent over the course of the period between 1985 and resale is associated with relative depreciation of 2.7 percent; this result is in accord with the estimated effect in the discrete case given the survival probabilities of older and younger homeowners.
One might be concerned that the reason that the homes of older owners appreciate less is simply that for a home of the same quality, older homeowners bargain less hard, so that there is no reason to associate the difference in maintenance levels with the difference in appreciation rates. To alleviate this concern, Column (6) of Table 5 includes not just the years of occupancy by a homeowner over 75 and building characteristics, but also a set of dummy variables indicating whether the seller was 75, 76... 92 at the time of resale. 9 While the presence of these indicator variables, not surprisingly, diminishes statistical significance, the effect of an incremental year of ownership by an older homeowner rises. This suggests that the mere fact of being an old seller is not associated with lower resale price. Rather, the effect comes with the time between value measures interacted with occupancy by an older owner. This enhances the plausibility of a causal role for under-provision of maintenance in the relative depreciation faced by older homeowners.
9 92 is the oldest observed age at resale.
While 1985 estimated value is highly correlated with resale price, one might worry that older homeowners systematically over-or underestimate their own home's value relative to the rest of the population. Anticipating such an objection to the results of Table 5, in Table 6 , I replace the owner's 1985 estimate of value as a baseline with the owner's 1985 recollection of purchase price whenever the home was purchased (1985 or, typically, earlier) . For 55 percent of homeowners, the recollection in two consecutive panel waves of purchase price is identical. The correlation between recollected purchase price in two consecutive waves is .94. For homeowners less than 75, the correlation between consecutive recollections is .9386, for those over 75, the correlation is .9463.
There is thus no systematic difference in the quality of price recollection between older an younger homeowners and the quality of recollections appears to be quite high. Table 6 is the nominal log difference between resale price in the year the 1985 owner sold and purchase price in the year the 1985 owner purchased. Column (1) of Table 6 Table 6 are the size and age of the building as well as dummy variables indicating the metropolitan area and the length of time between purchase and sale. We find that holding the number of years the property is held constant, but increasing the number of years during which the seller was 75 or over is associated with depreciation of approximately six percent. This effect is insignificantly different from zero when the standard errors are estimated robust to heteroskedasticity. Allowing for differences in the timing of sales between older and younger households, columns (2) through (6) of Table 6 replace the fixed effect of MSA-horizon with explicit interactions between the year purchased and the year sold within each MSA. Hence, for example, in columns (2) particularly given heteroskedasticity present when the log difference between purchase price and resale price is not normalized by length of tenure. Columns (2) and (3) find that with or without building size and age controls, a significant depreciation effect of three percent per year arises. Controlling for the age of old sellers, we find the same result in column (4) as we did in Table 6 ; the esimated effect of an incremental year of occupancy over 75 increases in magnitude. Not surprisingly, when standard errors are estimated in robust form in column (5), statistical significance disappears.
The dependent variable in
Significance is restored in column (6), where the dependent variable is divided by the number of years of occupancy, as is the number of years of being old, so that the variable
OLDY EARS
yr. sold -yr. bought is the fraction of tenure during which the 1985 household head was over 75. In sum, the results of the purchase to resale estimates are similar to those of the 1985 to resale estimates. A year of occupancy by an older homeowner is associated with relative depreciation of approximately 3 percent.
Concluding Remarks
American Housing Survey data show that older homeowners spend significantly less money on both routine home maintenance and on alterations and repairs than younger households. Homeowners over 75 invest approximately 1,000 less per year in improving their homes' state of repair. Part, but not all of this difference is related to the fact that older homeowners have lived in their homes longer than younger homeowners, and people with longer tenures in their homes spend less on home maintenance and improvement.
Translating these difference in home improvement into a relative reduction in housing wealth is not a trivial exercise; heterogeneity among homeowners, depreciation, inflation and likely decreasing returns to capital investment in homes imply that an inframarginal dollar spent on home improvement will not in general add exactly one dollar to the resale value of the home. However, to the extent that differences in maintenance expenditures across age groups are related to neither home characteristics nor price changes, comparing realized appreciation among older and younger homeowners should provide an estimate of the consequences of the relative under-investment of the elderly.
In the years leading up to resale, older homeowners see approximately 3% less appreciation, or more depreciation, per year than younger homeowners in homes of similar size and age in the same metropolitan areas. Significant differences in appreciation arise whether the base price considered is estimated value prior to sale or the initial purchase price. This difference in annual appreciation rates cannot be attributed to differences in bargaining approaches between older and younger sellers, because the annualized difference arises even when controls are present for the age of the seller.
The magnitude of realized relative depreciation appears to be greater than the difference anticipated by older sellers. If the differences in expenditures and appreciation are roughly constant across wealth levels, then at a median home value among older homeowners in AHS of $100,000, there is an annual gap of $2,000 between the lesser home improvement expenditures relative to younger homeowners and the difference in annual appreciation for comparable homes. While equivalent expenditures by older and younger homeowners might not yield identical rates of depreciation, discussions with contractors suggest that on average, annual expenditures of less than $1,000 should equalize the opportunity sets of seniors completely unable to do work on their own and younger homewoners highly proficient at repairs.
While some of the difference in expenditures appears attributable to diminished customization, through expansion or kitchen remodeling, older homeowners spend significantly less on routine maintenance than younger homeowners and there is a nearly significant difference in the propensity to replace major equipment. Further, a general refusal to exercise any options to undertake a project, regardless of type, that generates more capital gains than costs violates utility maximization as long as the projects themselves do not reduce utility. In fact, anecdotal evidence suggests that disruption and fear associated with contracting out home improvement may be important factors in the relative under-provision of maintenance among the elderly. Given that older homeowners perceive their homes to have inflation rates only slightly and insignificantly smaller than younger homeowners, it also seems possible that older homeowners are not aware of the availability of profitable home improvement expenditures.
Venti and Wise (2000) cite an AARP report stating that most elderly homeowners strongly wish to remain in the same home. This appears to be a costly preference, in that older homeowners enjoy smaller capital gains on housing than younger households at the time of sale. The smaller rate of appreciation may be due not to a greater rate of depreciation among the elderly, but rather to a greater rate of upgrade to existing homes among younger households. It is difficult to distinguish between repairs required to keep a home in constant condition from alterations and repairs which enhance quality.
To the extent that these results can be viewed as older households failing to make high return investments in home maintenance, and seeing large depreciation as a result, the puzzle of elderly homeownership has been extended.
One might argue that a wish to stay in place combined with absence of a bequest motive could rationalize the observed under-provision of maintenance. However, a homeowner wishing to remain in place for a long time and with no bequest motive should find reverse mortgages, loans of cash to be repaid when the homeowner moves out or dies, appealing. However, to date, there has been very little demand for reverse mortgages. Robust standard errors in parentheses, clustered at the home level. * significant at 5%; ** significant at 1%. a25 indicates age between 25 and 35. a75 indicates age 75 or over for the household head. BU ILDAGE is the age in years of the home. Controls for length of tenure in home are either a 7th degree polynomial or inclusion of 87 indicators for the number of years in residence. P ROB measures age-birthyear mortality probability. OLDSINGLE is the product of a75 times an indicator for living with no one else. (1) and (2), the coefficients are changes in probability of a home falling into interviewer assessed disrepair (FALL) over a two year period. HOWH refers to the owner's assessment of the unit's quality on a scale of one to ten. The dependent variable in columns (4) and (6) is the difference between the buyer's view of a sold home and the sellers view two years prior. Column (5) presents the case where the home is not sold. a75 indicates age 75 or over for the household head, and in the ∆HOWH|STAY regressions indicates that the seller is 75 or older. The polynomials in building age and length of stay have seven terms each. The unit of observation is a sales transaction witnessed in the American Housing Survey. Resale is the price at which a home transacted in yr. sold. Purchase is the price at which the reseller originally purchased the home in yr. purchased. OLDYEARS is the number of years between purchase and resale during which the reported head of the household was 75 or older. Fixed effects either interact each metropolitan area (MSA) with the number of years between purchase and sale, or more restrictively, both the year of purchase and the year of resale.
